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ALKYL-MODIFIED VINYL ALCOHOL
POLYMER SOLUTION

TECHNICAL FIELD

The present invention relates to an alkyl-modified vinyl
alcohol polymer solution.

BACKGROUND ART

A vinyl alcohol polymer (hereinafter, may be abbreviated
as “PVA”) has superior film-forming properties, interface
characteristics and strength characteristics as one of few crys-
talline water soluble polymers. Therefore, PVA has been
widely utilized as a thickening agent, a coating agent for
paper, an adhesive, a processing agent for fibers, a binder, an
emulsion stabilizer, a material of films and fibers, and the like.
Furthermore, in order to improve specific performances of
PVA, development of modified PVAs has been carried out by
way of controlling crystallinity, introduction of a functional
group and the like. Furthermore, a PVA-boric acid crosslink-
ing solution in which a crosslinking reaction is caused by
adding boric acid to PVA or the like has a property to gelate at
low temperatures; therefore, the PVA-boric acid crosslinking
solution is used for the purpose of controlling shape retention
performances, or enhancing the strength of PVA matrices.
However, for reasons such as toxicity of boron, and the like,
restriction of the amount of boric acid or the like which may
be used has started in recent years. Thus, a novel PVA or a
PVA solution is demanded, which can be an alternative to
PVA-boric acid crosslinking solutions, and the viscosity of
which depending on the temperature can be controlled.

In known methods for increasing the viscosity of an aque-
ous PVA solution, an alkyl-modified PVA having an alkyl
group introduced thereto is used. Such an alkyl-modified
PVA is useful as a thickening agent for paints or adhesives
since an interaction of alkyl groups (hydrophobic groups)
occurs in water-based solvents to give a solution having high
viscosity, and thus alkyl-modified PVAs having various types
of monomer unit were also developed (see Japanese Unex-
amined Patent Application, Publication Nos. 2008-291120
and H10-338714). Although aqueous solutions of these alkyl-
modified PVAs have a high viscosity at normal temperatures,
the solutions have a high viscosity also at high temperatures,
leading to inferior handleability; therefore, disadvantages of
difficulties in preparation to give a homogeneous state, in
particular, difficulties in preparation of an aqueous solution
having a high concentration, and the like have been indicated.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Unexamined Patent Applica-
tion, Publication No. 2008-291120

Patent Document 2: Japanese Unexamined Patent Applica-
tion, Publication No. H10-338714

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

The present invention was made in view of the foregoing
circumstances, and an object of the present invention is to
provide an alkyl-modified PVA solution which has, even in
the case in which the concentration of the alkyl-modified PVA
in a solution is increased, a low viscosity at high temperatures
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leading to superior handleability, accompanied by rapidly
increased viscosity upon lowering of the temperature. In
other words, an object of the present invention is to provide an
alkyl-modified PVA solution that exhibits a behavior similar
to that of PVA-boric acid crosslinking solutions, and having a
viscosity that can be controlled depending on the tempera-
ture.

Means for Solving the Problems

An aspect of the present invention made for achieving the
object is directed to an alkyl-modified PVA solution contain-
ing an alkyl-modified PVA, a surfactant and water, in which:
the alkyl-modified PVA has a monomer unit that includes an
alkyl group having 5 to 29 carbon atoms; a percentage content
of'the monomer unit is no less than 0.05 mol % and no greater
than 5 mol %; a degree of saponification of the alkyl-modified
PVA is no less than 20 mol % and no greater than 99.99 mol
%; and the surfactant is a compound represented by the fol-
lowing formula (I).

X' —O(R'—0O3} R>—X? 0]

In the formula (I), R* represents an alkylene group having
3 to 5 carbon atoms; R? represents a single bond or an alky-
lene group having 1 to 5 carbon atoms; X' represents a hydro-
gen atom or an organic group; X represents a hydrophilic
group; and m is an integer of 1 to 100, wherein provided that
m is at least 2, R's present in a plurality of number are each
independently as defined above.

The alkyl-modified PVA solution contains the surfactant
having the above specific structure. This surfactant has supe-
rior miscibility with the alkyl-modified PVA and water, and
hydrophobicity thereof changes depending on the tempera-
ture; therefore, a hydrophobic interaction of alkyl groups
included in the alkyl-modified PVA can be inhibited at high
temperatures, whereas the interaction can be promoted at low
temperatures. As a result, the alkyl-modified PVA solution
has low viscosity at high temperatures and is thus superior in
handleability, whereas the solution exhibits a gelation behav-
ior at low temperatures as the viscosity rapidly increases at
low temperatures.

X preferably represents a carboxyl group or a salt thereof,
a sulfonic acid group or a salt thereof, or a group represented
by the following formula (II).

+CH,CH,0),,H (n

In the formula (II), nl is an integer of 1 to 200.

When X represents the aforementioned specific group, the
alkyl-modified PVA solution is further superior in handleabil-
ity at high temperatures and a gelation ability at low tempera-
tures.

The organic group which may be represented by X' is
preferably an alkyl group having 1 to 29 carbon atoms or a
hydrophilic group. When X' represents the above specific
group, the alkyl-modified PVA solution is superior in handle-
ability at high temperatures and the gelation ability at low
temperatures.

The hydrophilic group which may be represented by X* is
more preferably a group represented by the following formula
).

H-OCH,CH, ),

In the formula (III), n2 is an integer of 1 to 200.

When X' represents the above specific group, handleabil-
ity at high temperatures and the gelation ability at low tem-
peratures of the alkyl-modified PVA solution can be further
improved.

(I
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The monomer unit is preferably represented by the follow-
ing formula (IV).

av)

R4
_CHZ_T_
2O

In the formula (IV), R? represents an alkyl group having 5
to 29 carbon atoms; and R* represents a hydrogen atom or an
alkyl group having 1 to 8 carbon atoms.

When the monomer unit has the above specific structure,
controllability of the viscosity of the alkyl-modified PVA
solution can be further enhanced.

The alkyl-modified PVA that includes the monomer unit
represented by the above formula (IV) is preferably obtained
by saponifying a copolymer of an unsaturated monomer rep-
resented by the following formula (V) with a vinyl ester
monomer.

V)

R4
| I
/C\C/N

e}

H

~ ~gs

m—0n

In the formula (V), R and R* are as defined in connection
with the above formula (IV).

When the alkyl-modified PVA contained in the alkyl-modi-
fied PVA solution is obtained by saponifying the copolymer
of the above specific monomers, adjustment of a degree of
saponification and the like of the alkyl-modified PVA can be
facilitated, and viscosity controllability and the like can be
further improved. In addition, miscibility with water can be
even further improved, and thus a solution that is superior in
practical applicability can be produced.

The alkyl-modified PVA has a viscosity average degree of
polymerization of preferably no less than 200 and no greater
than 5,000. When the viscosity average degree of polymer-
ization of the alkyl-modified PVA {falls within the above
range, superior gelation ability at low temperatures of the
alkyl-modified PVA solution can be further improved.

The mass ratio of the surfactant to the water (mass of the
surfactant/mass of water) is preferably no less than 1/99 and
no greater than 40/60. When the mass ratio of the surfactant to
the water falls within the above range, superior handleability
at high temperatures and the superior gelation ability at low
temperatures of the alkyl-modified PVA solution can be even
further improved.

The concentration of the alkyl-modified PVA is preferably
no less than 0.5% by mass and no greater than 50% by mass.
When the concentration of the alkyl-modified PVA falls
within the above range, superior handleability at high tem-
peratures and the superior gelation ability at low temperatures
of the alkyl-modified PVA solution can be even further
improved.

It is to be noted that the alkyl-modified PVA solution in a
gelled state is also included in the scope of the alkyl-modified
PVA solution.
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Effects of the Invention

The alkyl-modified PVA solution of the present invention
has, even in a case in which the solution contains the alkyl-
modified PVA at a high concentration, properties of having a
low viscosity at high temperatures leading to superior handle-
ability, accompanied by rapidly increased viscosity to result
in gelation upon lowering of the temperature. Therefore, the
alkyl-modified PVA solution can be suitably used as a solu-
tion gelled at low temperatures that is superior in safety and
that can be an alternative to PVA-boric acid crosslinking
solutions. As referred to herein, “gelation at low tempera-
tures” includes not only changes to become gelatinous of an
alkyl-modified PVA solution when the temperature falls, but
also changes of increasing a viscosity of an alkyl-modified
PVA solution as the temperature falls.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the alkyl-modified PVA solu-
tion of the present invention will be described in detail.

Alkyl-Modified PVA Solution

The alkyl-modified PVA solution according to an embodi-
ment of the present invention contains an alkyl-modified
PVA, a surfactant and water. In addition, the alkyl-modified
PVA solution may contain an optional component as long as
principles of the present invention are not impaired. Herein-
after, these components will be described in detail.

Alkyl-Modified PVA

The alkyl-modified PVA contained in the alkyl-modified
PVA solution of the embodiment of the present invention has
a monomer unit that includes an alkyl group having 5 to 29
carbon atoms. More specifically, the alkyl-modified PVA is a
copolymer having the monomer unit that includes an alkyl
group having 5 to 29 carbon atoms, and a vinyl alcohol
monomer unit. In addition, the alkyl-modified PVA may fur-
ther have other monomer unit. When the alkyl group has less
than 5 carbon atoms, a hydrophobic interaction among the
alkyl groups does not sufficiently occur; therefore, the gela-
tion ability at low temperatures is deteriorated. On the other
hand, when the alkyl group has more than 29 carbon atoms,
water solubility and handleability at high temperatures of the
alkyl-modified PVA are deteriorated. Of these, in light of even
further improvement of the gelation ability at low tempera-
tures, the alkyl group has preferably 8 to 29 carbon atoms,
more preferably 12 to 27 carbon atoms, still more preferably
15 to 26 carbon atoms, and particularly preferably 17 to 24
carbon atoms.

The monomer unit that includes an alkyl group having 5 to
29 carbon atoms is preferably

a monomer unit derived from an c-olefin such as 1-octene
or 1-decene;

a monomer unit derived from a vinyl ether such as pentyl

vinyl ether, octyl vinyl ether, nonyl vinyl ether, dodecyl vinyl
ether or octadecyl vinyl ether; or

amonomer unit represented by the following formula (IV),

and more preferably a monomer unit represented by the fol-
lowing formula (IV), wherein R? represents an alkyl group
having 8 to 29 carbon atoms.
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av)

_CHZ_(:j_
C

In the above formula (IV), R® represents an alkyl group
having 5 to 29 carbon atoms; and R* represents a hydrogen
atom or an alkyl group having 1 to 8 carbon atoms.

Examples of the alkyl group having 5 to 29 carbon atoms
represented by R include a pentyl group, a hexyl group, a
heptyl group, an octyl group, a nonyl group, a decyl group, a
dodecyl group, a pentadecyl group, a nonadecyl group, and
the like. Of these, in light of even further improvement of the
gelation ability at low temperatures, the alkyl group has pref-
erably 8 to 29 carbon atoms, more preferably 12 to 27 carbon
atoms, still more preferably 15 to 26 carbon atoms, and par-
ticularly preferably 17 to 24 carbon atoms.

Examples of the alkyl group having 1 to 8 carbon atoms
represented by R* include a methyl group, an ethyl group, a
propyl group, a butyl group, a pentyl group, a hexyl group,
and the like. Of these, a methyl group is preferred.

Inlight of ease in synthesis, etc., R* preferably represents a
hydrogen atom or a methyl group.

It is to be noted that the alkyl group which may be repre-
sented by R® and R* may have a substituent such as a halogen
atom within a range not leading to impairment of principles of
the present invention, but the alkyl group which may be
represented by R* and R* preferably does not have such a
substituent.

A percentage content of the monomer unit that includes an
alkyl group having 5 to 29 carbon atoms in the alkyl-modified
PVA is essentially no less than 0.05 mol % and no greater than
5 mol %, preferably no less than 0.1 mol % and no greater than
2 mol %, and more preferably no less than 0.2 mol % and no
greater than 1 mol %. It is to be noted that the percentage
content of the monomer unit that includes an alkyl group
having 5 to 29 carbon atoms as referred to herein means a
proportion of number of moles of the monomer unit that
includes an alkyl group having 5 to 29 carbon atoms with
respect to the number of moles of the entire structural units
constituting the alkyl-modified PVA.

When the percentage content of the monomer unit that
includes an alkyl group having 5 to 29 carbon atoms exceeds
5 mol %, a proportion of hydrophobic groups included per
molecule of the alkyl-modified PVA is so high that water
solubility of the alkyl-modified PVA is deteriorated. On the
other hand, when the content of the monomer unit that
includes an alkyl group having 5 to 29 carbon atoms is less
than 0.05 mol %, although water solubility of the alkyl-
modified PVA is superior, the number of alkyl groups
included in the alkyl-modified PVA is so small that physical
properties such as high viscosity owing to modification with
an alkyl are not attained.

The percentage content of the monomer unit that includes
an alkyl group having 5 to 29 carbon atoms may be deter-
mined from proton NMR of an alkyl-modified vinyl ester
polymer that is a precursor of the alkyl-modified PVA. Spe-
cifically, a sample for analysis is produced by reprecipitation
and purification of the alkyl-modified vinyl ester polymer
with n-hexane/acetone sufficiently carried out at least three
times, followed by drying at 50° C. under a reduced pressure
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for 2 days. This sample is dissolved in CDCl;, and the content
is measured using proton NMR at 500 MHz (JEOL GX-500)
at room temperature.

Inthis process, for example, when the alkyl-modified vinyl
ester polymer does not include the alkyl-modified monomer
unit other than the monomer unit represented by the above
formula (IV), and R? is linear and R* represents a hydrogen
atom, the percentage content may be determined according to
the following method. More specifically, the percentage con-
tent S of the monomer unit S represented by the above for-
mula (IV) is calculated from peak . (4.7 to 5.2 ppm) derived
from main chain methine of the alkyl-modified vinyl ester
polymer, and peak p (0.8 to 1.0 ppm) derived from an end
methyl group of the alkyl group R?, using the following
formula:

S(mol %)={(number of B proton/3)/(number of o pro-
ton+(number of  proton/3))}x100

The viscosity average degree of polymerization of the
alkyl-modified PVA contained in the alkyl-modified PVA
solution is preferably no less than 200 and no greater than
5,000, more preferably no less than 500 and no greater than
4,000, and more preferably no less than 1,000 and no greater
than 3,000. It is to be noted that the viscosity average degree
of polymerization may be merely referred to as “degree of
polymerization”. When the degree of polymerization exceeds
5,000, productivity of the alkyl-modified PVA may be low-
ered. To the contrary, when the degree of polymerization is
less than 200, the gelation ability at low temperatures of the
alkyl-modified PVA solution is deteriorated, and thus suffi-
cient gelation ability may not be achieved.

The viscosity average degree of polymerization (P) is mea-
sured in accordance with JIS-K6726: 1994. More specifi-
cally, after the alkyl-modified PVA is resaponified and puri-
fied, limiting viscosity [n] (unit: deciliter/g) is measured in
water at 30° C. to determine the viscosity average degree of
polymerization according to the following formula:

P=([n]x(10%/8.29)0-6»

The degree of saponification of the alkyl-modified PVA
contained in the alkyl-modified PVA solution is no less than
20 mol % and no greater than 99.99 mol %, preferably no less
than 40 mol % and no greater than 99.95 mol %, and more
preferably no less than 50 mol % and no greater than 99.9 mol
%. When the degree of saponification is less than 20 mol %,
water solubility and/or the gelation ability at low tempera-
tures may be deteriorated. To the contrary, the degree of
saponification exceeding 99.99 mol % leads to a loss of prac-
ticability due to a difficulty in production of the alkyl-modi-
fied PVA. Note that the degree of saponification of the alkyl-
modified PVA is measured in accordance with JIS-K6726:
1994.

The concentration of the alkyl-modified PVA in the alkyl-
modified PVA solution is not particularly limited, and pref-
erably no less than 0.5% by mass and no greater than 50% by
mass, more preferably no less than 1% by mass and no greater
than 30% by mass, and still more preferably no less than 2%
by mass and no greater than 20% by mass. In addition,
according to the alkyl-modified PVA solution, even when the
concentration of the alkyl-modified PVA is increased, eleva-
tion of viscosity at high temperatures can be inhibited, lead-
ing to superior handleability. Therefore, the concentration of
the alkyl-modified PVA may be, for example, no less than 5%
by mass and no greater than 20% by mass.

Production Method of Alkyl-Modified PVA

Although a method for producing the alkyl-modified PVA
is not particularly limited, a method including: copolymeriz-
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ing an unsaturated monomer represented by the following
formula (V) with a vinyl ester monomer; and saponifying thus
obtained alkyl-modified vinyl ester polymer (copolymer) is
preferred. When the alkyl-modified PVA contained in the
alkyl-modified PVA solution is obtained by saponifying the
copolymer of the above specific monomers, adjustment of the
degree of saponification of the alkyl-modified PVA and the
like can be facilitated, and viscosity controllability and the
like can be further improved. In addition, miscibility with
water is even further improved, and thus a solution that is
superior in practical applicability can be prepared. In this
process, the copolymerization is preferably carried out in an
alcohol solvent or in the absence of a solvent.

V)

In the above formula (V), R®> and R* are as defined in
connection with the above formula (IV).

Examples of the unsaturated monomer represented by the
above formula (V) include N-octylacrylamide, N-decylacry-
lamide, N-dodecylacrylamide, N-octadecylacrylamide,
N-hexacosylacrylamide, N-octylmethacrylamide, N-decyl-
methacrylamide, N-dodecylmethacrylamide, N-octadecyl-
methacrylamide, N-hexacosylmethacrylamide, and the like.
Of these, N-octadecylacrylamide, N-octylmethacrylamide,
N-decylmethacrylamide, N-dodecylmethacrylamide, N-oc-
tadecylmethacrylamide and N-hexacosylmethacrylamide are
preferred, N-octadecylacrylamide, N-dodecylmethacryla-
mide and N-octadecylmethacrylamide are more preferred,
and N-octadecylacrylamide and N-octadecylmethacrylamide
are still more preferred.

Examples of the vinyl ester monomer include vinyl for-
mate, vinyl acetate, vinyl propionate, vinyl butyrate, vinyl
isobutyrate, vinyl pivalate, vinyl versatate, vinyl caprate,
vinyl caprylate, vinyl laurate, vinyl palmitate, vinyl stearate,
vinyl oleate, vinyl benzoate, and the like. Of these, vinyl
acetate is preferred.

Upon copolymerization of the unsaturated monomer rep-
resented by the above formula (V) with the vinyl ester mono-
mer, other monomer may be copolymerized within a range
not leading to impairment of principles of the present inven-
tion. Examples of the other monomer which may be used
include

a-olefins such as ethylene, propylene, n-butene and isobu-
tylene;

vinyl ethers such as methyl vinyl ether, ethyl vinyl ether,
n-propyl vinyl ether, i-propyl vinyl ether, n-butyl vinyl ether,
i-butyl vinyl ether, t-butyl vinyl ether, nonyl vinyl ether, dode-
cyl vinyl ether and octadecyl vinyl ether;

nitriles such as acrylonitrile and methacrylonitrile;

halogenated vinyls such as vinyl chloride and vinyl fluo-
ride;

halogenated vinylidenes such as vinylidene chloride and
vinylidene fluoride;

allyl compounds such as allyl acetate, 2,3-diacetoxy-1-
allyloxypropane and allyl chloride;

vinylsilyl compounds such as vinyltrimethoxysilane;

isopropenyl acetate, and the like.

In addition, upon copolymerization of the unsaturated
monomer represented by the above formula (V) with the vinyl
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ester monomer, a chain transfer agent may be added within a
range not leading to impairment of principles of the present
invention, for the purpose of adjusting the degree of polymer-
ization of the resultant copolymer. Examples of the chain
transfer agent include:

aldehydes such as acetaldehyde and propionaldehyde;

ketones such as acetone and methyl ethyl ketone;

mercaptans such as 2-hydroxyethanethiol;

halogenated hydrocarbons such as trichloroethylene and
perchloroethylene;

phosphinic acid salts such as sodium phosphinate mono-
hydrate, and the like. Of these, aldehydes and ketones are
preferred.

The amount of the chain transfer agent added may be
decided in accordance with a chain transfer constant of a
chain transfer agent added as well as the degree of polymer-
ization of a target alkyl-modified vinyl ester polymer, and in
turn the degree of polymerization of the alkyl-modified PVA.
The amount of the chain transfer agent is preferably no less
than 0.1% by mass and no greater than 10% by mass with
respect to the vinyl ester monomer, in general.

The temperature employed during the copolymerization of
the unsaturated monomer represented by the above formula
(V) with the vinyl ester monomer is preferably 0° C. to 200°
C., and more preferably 30° C. to 140° C. When the tempera-
ture employed during the copolymerization is lower than 0°
C., a sufficient polymerization rate is less likely to be
obtained. In contrast, when the temperature employed during
carrying out the polymerization is higher than 200° C., the
alkyl-modified PVA that satisfies the percentage content of
the monomer unit that includes the alkyl group defined
according to the aspect of the present invention is not likely to
be obtained. The method for controlling the temperature
employed during carrying out the copolymerization to be 0°
C. to 200° C. is exemplified by a method including, for
example, controlling a polymerization rate to make a balance
between heat generation resulting from the polymerization
reaction, and heat dissipation from the surface of the reaction
vessel, as well as a method including controlling by an exter-
nal jacket using an appropriate heating medium, and the like.
Ofthese methods, a method including controlling by an exter-
nal jacket using an appropriate heating medium is preferred in
light of safety.

With respect to the polymerization process, which may be
adopted for carrying out the copolymerization of the unsat-
urated monomer represented by the above formula (V) with
the vinyl ester monomer, e.g., batchwise polymerization,
semi-batchwise polymerization, continuous polymerization,
semi-continuous polymerization, and the like are exempli-
fied. As the polymerization method, a well-known method
such as, for example, a bulk polymerization method, a solu-
tion polymerization method, a suspension polymerization
method or an emulsion polymerization method may be used.
Of these, a bulk polymerization method carried out in the
absence of a solvent, or a solution polymerization method in
an alcohol solvent may be suitably employed, whereas when
production of a copolymer having a high degree of polymer-
ization is intended, an emulsion polymerization method may
be employed.

Examples of the alcohol solvent which may be used
include methanol, ethanol, n-propanol and the like, but not
limited thereto. Also, these solvents may be used as a mixture
of two or more types thereof.

As an initiator for use in copolymerization of the unsatur-
ated monomer represented by the above formula (V) with the
vinyl ester monomer, a conventionally well-known azo ini-
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tiator, peroxide initiator, redox initiator or the like may be
used in accordance with the polymerization method.

Examples of the azo initiator include 2,2'-azobisisobuty-
ronitrile, 2,2'-azobis(2,4-dimethylvaleronitrile), 2,2'-azobis
(4-methoxy-2.4-dimethylvaleronitrile), and the like.

Examples of the peroxide initiator include:

percarbonate compounds such as diisopropyl peroxydicar-
bonate, di-2-ethylhexyl peroxydicarbonate and diethoxy-
ethyl peroxydicarbonate;

perester compounds such as t-butyl peroxyneodecanate,
a-cumyl peroxyneodecanate and t-butyl peroxydecanate;

acetylcyclohexylsulfonyl peroxide, 2,4,4-trimethylpentyl-
2-peroxyphenoxy acetate, and the like. Furthermore, the ini-
tiator may be prepared as a combination with potassium per-
sufate, ammonium persulfate, hydrogen peroxide or the like.

The redox initiator is exemplified by a combination of the
aforementioned peroxide with a reducing agent such as
sodium bisulfite, sodium bicarbonate, tartaric acid, L-ascor-
bic acid or Rongalit.

It is to be noted that when the copolymerization of the
unsaturated monomer represented by the above formula (V)
with the vinyl ester monomer is carried out at high tempera-
tures, coloring and the like of PVA resulting from degradation
of the vinyl ester monomer may be found. In such cases, it is
preferred that an antioxidant such as tartaric acid be added to
a polymerization system for the purpose of preventing color-
ing in an amount of about 1 to 100 ppm with respect to the
vinyl ester monomer.

The alkyl-modified vinyl ester copolymer obtained by the
copolymerization may be subjected to an alcoholysis reaction
or a hydrolysis reaction using a basic catalyst such as sodium
hydroxide, potassium hydroxide or sodium methoxide or an
acidic catalyst such as p-toluenesulfonic acid that is well
known.

Examples of the solvent which may be used for the saponi-
fication reaction include alcohols such as methanol and etha-
nol; esters such as methyl acetate and ethyl acetate; ketones
such as acetone and methylethylketone; aromatic hydrocar-
bons such as benzene and toluene, and the like. It is to be
noted that these solvents may be used either alone, or in
combination of two or more thereof.

As the saponification reaction, a method carried out using
a solvent such as methanol, or a methanol/methyl acetate
mixture, with sodium hydroxide as a catalyst is preferred due
to convenience.

Surfactant

The surfactant contained in the alkyl-modified PVA solu-
tion is a compound represented by the following formula (I).

X! —O{R'—0O3 R>X? 0]

In the above formula (I), R! represents an alkylene group
having 3 to 5 carbon atoms; R? represents a single bond or an
alkylene group having 1 to 5 carbon atoms; X' represents a
hydrogen atom or an organic group; X> represents a hydro-
philic group; and m is an integer of 1 to 100, wherein provided
that m is at least 2, R's present in a plurality of number are
each independently as defined above.

The surfactant is superior in compatibility with the afore-
mentioned specific alkyl-modified PVA and water, and
enables a solution having a high concentration to be prepared
without causing phase separation. In addition, the surfactant
can inhibit a hydrophobic interaction of alkyl groups included
in the specific alkyl-modified PVA at high temperatures,
whereas it can accelerate the interaction at low temperatures.
Although the reason for achieving such effects has not been
sufficiently elucidated, it is speculated that, for example, the
alkyleneoxy group having 3 to 5 carbon atoms may exhibit
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hydrophobicity in an aqueous solution at high temperatures,
whereas hydrophilicity is exhibited at low temperatures.
Accordingly, due to containing the surfactant, the alkyl-
modified PVA solution exhibits: a behavior involving low
viscosity at high temperatures leading to superior handleabil-
ity; and an abrupt increase of the viscosity at low tempera-
tures to cause gelation at low temperatures. In other words,
the alkyl-modified PVA solution can exhibit behaviors simi-
lar to those of a PVA-boric acid crosslinking solution.

The hydrophilic group which may be represented by X is
preferably a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, or a group represented by the follow-
ing formula (II). In this regard, examples of a counter cation
in the salt of the carboxyl group or the salt of the sulfonic acid
group include alkali metal cations such as sodium and potas-
sium; alkaline earth metal cations such as calcium and
barium; an ammonium ion, and the like. When X? represents
such a specific hydrophilic group, handleability at high tem-
peratures, and gelation behavior at low temperatures of the
alkyl-modified PVA solution are even further improved. Of
these, X? represents preferably a sulfonic acid group or a salt
thereof, or a group represented by the following formula (II),
and more preferably a group represented by the following
formula (II).

+CH,CH,0),,H (n

In the above formula (1), n1 is an integer of 1 to 200. The
group represented by the above formula (II) may have other
monomer unit such as a propyleneoxy group in small amount
within a range not leading to impairment of principles of the
present invention.

“n1” is preferably an integer of 2 to 100, more preferably an
integer of 2 to 40, and still more preferably an integer of 3 to
20.

The organic group which may be represented by X' is
preferably an alkyl group having 1 to 29 carbon atoms or a
hydrophilic group. When X' represents such a specific group,
the state of a solution, and the gelation behavior at low tem-
peratures of the alkyl-modified PVA solution are even further
improved. Of these, X! represents more preferably a hydro-
gen atom, an alkyl group having 1 to 18 carbon atoms or a
hydrophilic group, even more preferably a hydrogen atom, an
alkyl group having 1 to 10 carbon atoms or a hydrophilic
group, and particularly preferably a hydrophilic group.

The hydrophilic group which may be represented by X* is
preferably a group represented by the following formula (I1I).
When X' represents such a specific hydrophilic group,
handleability at high temperatures, and the gelation behavior
at low temperatures are even further improved. Of these, a
group represented by the following formula (III) is more
preferred.

H-OCH,CH, ) (I

In the above formula (III), n2 is an integer of 1 to 200. The
group represented by the above formula (III) may include
other monomer unit such as a propyleneoxy group in a small
amount within a range not leading to impairment of principles
of the present invention.

“n2” is preferably an integer of 2 to 100, more preferably an
integer of 2 to 40, and still more preferably an integer of 3 to
20.

Examples of the alkylene group having 3 to 5 carbon atoms
which may be represented by R! include a propanediyl group,
a butanediyl group, and a pentanediyl group. Of these, in light
of appropriate hydrophobicity of the surfactant, a propanediyl
group and a butanediyl group are preferred, and a propanediyl
group is more preferred.
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Examples of the alkylene group having 1 to 5 carbon atoms
which may be represented by R? include a methylene group,
an ethanediyl group, a propanediyl group, and the like. It is to
be noted that R? is preferably a single bond.

Further, m is preferably an integer of 2 to 60, more prefer-
ably an integer of 2 to 50, and still more preferably an integer
of 3 to 30.

Although the surfactant is not particularly limited as long
as it is a compound represented by the above formula (I),
examples thereof include:

diblock copolymers such as polyethylene glycol-polypro-
pylene glycol, polyethylene glycol-polytetramethylene gly-
col, polyethylene glycol-polybutylene glycol, and polyethyl-
ene glycol-polypentylene glycol;

triblock copolymers such as polyethylene glycol-polypro-
pylene glycol-polyethylene glycol, polyethylene glycol-
polytetramethylene glycol-polyethylene glycol, polyethyl-
ene glycol-polybutylene glycol-polyethylene glycol, and
polyethylene glycol-polypentylene glycol-polyethylene gly-
col;

polypropylene glycol-sulfuric acid ester sodium salts,
polytetramethylene glycol-sulfuric acid ester sodium salts,
polybutylene glycol-sulfuric acid ester sodium salts, and
polypentylene glycol-sulfuric acid ester sodium salts;

polyethylene glycol-polypropylene glycol-alkyl ether, and

the like.
Of these, in light of even further improvement of superior
handleability at high temperatures and superior gelation abil-
ity at low temperatures of the above specific solution owing to
the alkyl-modified PVA, diblock copolymers of polyethylene
glycol-polypropylene glycol and triblock copolymers of
polyethylene glycol-polypropylene glycol-polyethylene gly-
col are preferred, and triblock copolymers of polyethylene
glycol-polypropylene glycol-polyethylene glycol are more
preferred.

The mass ratio of the surfactant to water contained in the
alkyl-modified PVA solution (mass of the surfactant/mass of
water) is preferably no less than 1/99 and no greater than
40/60, more preferably no less than 3/97 and no greater than
50/50, still more preferably no less than 5/95 and no greater
than 30/70, and particularly preferably no less than 10/90 and
no greater than 20/80. When mass ratio of the surfactant to
water falls within the above range, the alkyl-modified PVA
solution enables handleability at high temperatures and the
gelation behavior at low temperatures to be even further
improved. When the mass ratio is less than 1/99, elevation of
the viscosity at low temperatures may be too remarkable. To
the contrary, when the mass ratio exceeds 40/60, solubility of
the alkyl-modified PVA may be decreased.

Optional Components

Additives

In addition to the alkyl-modified PVA, the specific surfac-
tant and water, the alkyl-modified PVA solution may contain
various types of additives such as a plasticizer, a defoaming
agent, an ultraviolet ray absorbing agent, a filler, a pH adjust-
ing agent and a water proofing agent within a range not
leading to impairment of principles of the present invention.

Other Water Soluble Polymer

The alkyl-modified PVA solution may contain well-known
various types of PVA other than the alkyl-modified PVA
contained in the alkyl-modified PVA solution, as well as other
water soluble polymer such as starch, carboxymethyl cellu-
lose, methyl cellulose, hydroxymethyl cellulose, hydroxy-
ethyl cellulose and hydroxypropyl cellulose within a range
not leading to impairment of principles of the present inven-
tion. The amount of the other water soluble polymer blended
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is preferably no greater than 50 parts by mass with respect to
100 parts by mass of the alkyl-modified PVA contained in the
alkyl-modified PVA solution.

The viscosity at 20° C. of the alkyl-modified PVA solution
is preferably no less than 10,000 (mPa-s), more preferably no
less than 100,000 (mPa-s), and still more preferably no less
than 250,000 (mPa-s). The alkyl-modified PVA solution par-
ticularly preferably has a gelled state at 20° C.

The viscosity at 60° C. of the alkyl-modified PVA solution
is preferably less than 15,000 (mPa-s), and more preferably
less than 10,000 (mPa-s).

The viscosity ratio of the viscosity at 20° C. to the viscosity
at 60° C. (viscosity at 20° C./viscosity at 60° C.) of the
alkyl-modified PVA solution is preferably no less than 25, and
more preferably no less than 100. Accordingly, the viscosity
ratio is preferably as great as possible in light of the gelation
at low temperatures, and it is most preferred that the alkyl-
modified PVA solution is gelatinous at 20° C.

Preparation Method of Alkyl-Modified PVA Solution

The alkyl-modified PVA solution may be prepared by mix-
ing the alkyl-modified PVA, the surfactant and water, and as
needed optional components at a certain ratio. Although the
method for mixing these components is not particularly lim-
ited, exemplary methods may include: adding the alkyl-modi-
fied PVA to a mixture of the surfactant and water; or adding
the surfactant to the aqueous alkyl-modified PVA solution. It
is to be noted that the method for mixing may further include
stirring with heating in order to improve the solubility. When
the heating of the solution is carried out, the temperature
employed may be, for example, no less than 80° C. and no
greater than 95° C.

Application of Alkyl-Modified PVA Solution

According to the alkyl-modified PVA solution, even in a
case in which the solution contains the alkyl-modified PVA at
a high concentration, elevation of viscosity at high tempera-
tures is inhibited, leading to superior handleability, whereas
the viscosity is rapidly elevated at low temperatures to result
in the superior gelation ability at low temperatures achieved.
Therefore, the alkyl-modified PVA solution can be suitably
used as a solution gelled at low temperatures that is superior
in safety and that may be an alternative to PVA-boric acid
crosslinking solutions. Accordingly, the alkyl-modified PVA
solution can be suitably used as a temperature-sensitive
binder, a gelation agent, a temperature-sensitive adhesive, a
thickening agent, and the like. Specifically, the alkyl-modi-
fied PVA solution can be used as a component constituting:
coating agents for papers; internal sizing agents for papers;
fiber coating agents; dyes; coating agents for glass fibers;
surface coating agents for metals and glass; coating materials
such as anti-fogging agents; adhesives for woods, papers,
aluminum foils, plastics and the like; binders for nonwoven
fabrics; fibrous binders; binders for building materials such as
gypsum boards and fiberboards; thickening agents for various
types of emulsion adhesives; additives for urea resin adhe-
sives; additives for cement and mortar; various types of adhe-
sives such as hot melt adhesives and pressure-sensitive adhe-
sives; dispersants for emulsion polymerization of various
types of ethylenic unsaturated monomers such as ethylene,
vinyl acetate and vinyl chloride; stabilizers for dispersing a
pigment in paints, adhesives and the like; dispersion stabiliz-
ers for suspension polymerization of various types of ethyl-
enic unsaturated monomers such as vinyl chloride, vinylidene
chloride, styrene, (meth)acrylic acids and vinyl acetate;
molded articles such as fibers, films, sheets, pipes, tubes,
water-soluble fibers and temporary coating films; agents for
imparting hydrophilicity to hydrophobic resins; soil condi-
tioners, soil stabilizers, and the like.
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EXAMPLES

Hereinafter, the present invention will be explained in
detail by way of Examples and Comparative Examples. In the
following Examples and Comparative Examples, “part” and
“%” are on mass basis unless otherwise specified particularly.

With regard to PVA obtained in the following Production
Examples (alkyl-modified PVA and unmodified PVA), evalu-
ations were made in accordance with the following method.

Percentage Modification

The percentage modification of each PVA (percentage con-
tent of the monomer unit that includes the alkyl group in PVA)
was determined according to a method using the proton NMR
described above.

Degree of Polymerization

The viscosity average degree of polymerization of each
PVA was determined according to a method of JIS-K6726:
1994.

Degree of Saponification

The degree of saponification of each PVA was determined
according to a method of JIS-K6726: 1994.

Production of PVA
Production Example 1
Production of PVA1

Into a 3 L reaction vessel equipped with a stirrer, a reflux
condenser, a nitrogen inlet tube, a comonomer dripping port
and an addition port of the initiator were charged 750 g of
vinyl acetate, 250 g of methanol and 1.1 g of N-octadecyl-
methacrylamide, and replacement with nitrogen gas in the
system was carried out for 30 min by nitrogen bubbling. Also,
a comonomer solution was prepared as a delay solution by
dissolving N-octadecylmethacrylamide in methanol to give a
concentration of 5%, and subjected to replacement with nitro-
gen by bubbling of nitrogen gas. An elevation of the tempera-
ture of the reaction vessel was started, and 0.25 g of 2,2'-
azobisisobutyronitrile (AIBN) was added to initiate the
polymerization when an internal temperature of 60° C. was
attained. The polymerization was allowed to proceed at 60°
C. for 3 hours while adding the delay solution dropwise such
that the monomer composition in the polymerization solution
(proportions of vinyl acetate and N-octadecylmethacryla-
mide) was kept constant, followed by cooling to stop the
polymerization. The total amount of the comonomer (N-oc-
tadecylmethacrylamide) used (i.e., charged and added) was
4.8 g. In addition, the solid content concentration was 29.9%
when the polymerization was stopped. Subsequently, unre-
acted vinyl acetate monomer was eliminated while adding
methanol at 30° C. under a reduced pressure at intervals to
obtain a methanol solution (concentration: 35%) of the alkyl-
modified vinyl ester polymer (alkyl-modified PVAc). Fur-
thermore, saponification was carried out by adding 27.9 g of
an alkali solution (10% methanol solution of sodium hydrox-
ide) to 771.4 g of a methanol solution of the alkyl-modified
PVAc (alkyl-modified PVAc in the solution: 200.0 g) pre-
pared by adding methanol to the resulting methanol solution
obtained above. In this procedure, the concentration of the
alkyl-modified PVAc in the saponification solution was 25%,
and the molar ratio of sodium hydroxide to the vinyl acetate
unit in the alkyl-modified PVAc was 0.03. Since gelatinous
matter was produced about 1 min after the alkali solution was
added, the gelatinous matter was ground with a grinder, and
left to stand at 40° C. for 1 hour to allow the saponification to
proceed. Thereafter, 500 g of methyl acetate was added to
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neutralize remaining alkali. After confirming the completion
of the neutralization using a phenolphthalein indicator, the
mixture was filtered to obtain a white solid. Methanol in an
amount of 2,000 g was added to the white solid, and the
mixture was left to stand at room temperature for 3 hours to
permit washing. After this washing operation was repeated
three times, a white solid obtained by deliquoring through
centrifugation was left to stand in a dryer at 65° C. for 2 days
to obtain alkyl-modified PVA (PVA1).

Production Examples 2 to 18
Production of PVA2 to PVA18

Various types of alkyl-modified PVAs (PVA2 to PVA18)
were produced in a similar manner to Example 1 except that:
polymerization conditions such as the amount of vinyl acetate
and methanol charged, and the type and amount of addition of
the unsaturated monomer having an alkyl group used in poly-
merization; and saponification conditions such as the concen-
tration of alkyl-modified PVAc and the molar ratio of sodium
hydroxide to the vinyl acetate unit in saponification were
changed as shown in Table 1.

Production Example 19

Production of PVA19

Into a 3 L reaction vessel equipped with a stirrer, a reflux
condenser, a nitrogen inlet tube and an addition port of the
initiator were charged 750 g of vinyl acetate, 250 g of metha-
nol and 57.3 g of octadecyl vinyl ether, and replacement with
nitrogen gas in the system was carried out for 30 min by
nitrogen bubbling. An elevation of the temperature of the
reaction vessel was started, and 1.0 g of 2,2'-azobisisobuty-
ronitrile (AIBN) was added to initiate the polymerization
when an internal temperature of 60° C. was attained. The
polymerization was allowed to proceed at 60° C. for 2 hours,
followed by cooling to stop the polymerization. The solid
content concentration was 30.4% when the polymerization
was stopped. Subsequently, unreacted vinyl acetate monomer
was eliminated while adding methanol at 30° C. under a
reduced pressure at intervals to obtain a methanol solution
(concentration: 35%) of the alkyl-modified vinyl ester poly-
mer (alkyl-modified PVAc). Furthermore, saponification was
carried out by adding 7.0 g of an alkali solution (10% metha-
nol solution of sodium hydroxide) to 792.9 g of a methanol
solution of the alkyl-modified PVAc (alkyl-modified PVAc in
the solution: 200.0 g) prepared by adding methanol to the
resulting methanol solution obtained above. In this proce-
dure, the concentration of the alkyl-modified PVAc in the
saponification solution was 25%, and the molar ratio of
sodium hydroxide to the vinyl acetate unit in the alkyl-modi-
fied PVAc was 0.0075. Since gelatinous matter was produced
about 12 min after the alkali solution was added, the gelati-
nous matter was ground with a grinder, and lett to stand at 40°
C. for 1 hour to allow the saponification to proceed. Thereat-
ter, 500 g of methyl acetate was added to neutralize remaining
alkali. After confirming the completion of the neutralization
using a phenolphthalein indicator, the mixture was filtered to
obtain a white solid. Methanol in an amount of 2,000 g was
added to the white solid, and the mixture was left to stand at
room temperature for 3 hours to permit washing. After this
washing operation was repeated three times, a white solid
obtained by deliquoring through centrifugation was left to
stand in a dryer at 65° C. for 2 days to obtain alkyl-modified
PVA (PVA19).
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Production Example 20

Production of PVA20

Into a 3 L reaction vessel equipped with a stirrer, a reflux 5

condenser, a nitrogen inlet tube and an addition port of the
initiator were charged 900 g of vinyl acetate and 100 g of
methanol, and replacement with nitrogen gas in the system
was carried out for 30 min by nitrogen bubbling. An elevation
of'the temperature of the reaction vessel was started, and 0.25
g of 2,2'-azobisisobutyronitrile (AIBN) was added to initiate
the polymerization when an internal temperature of 60° C.
was attained. The polymerization was allowed to proceed at
60° C. for 3 hours, followed by cooling to stop the polymer-
ization. The solid content concentration was 31.0% when the
polymerization was stopped. Subsequently, unreacted vinyl
acetate monomer was eliminated while adding methanol at
30° C. under a reduced pressure at intervals to obtain a metha-
nol solution (concentration: 30%) of the polyvinyl acetate
(PVAc). Furthermore, saponification was carried out by add-

16

ing 27.9 g of an alkali solution (10% methanol solution of
sodium hydroxide) to 971.1 g of a methanol solution of the
PVAc (PVAc in the solution: 200.0 g) prepared by adding
methanol to the resulting methanol solution obtained above.
In this procedure, the concentration of the PVAc in the saponi-
fication solution was 20%, and the molar ratio of sodium
hydroxide to the vinyl acetate unit in the PVAc was 0.03.
Since gelatinous matter was produced about 1 min after the
alkali solution was added, the gelatinous matter was ground

10 witha grinder, and left to stand at 40° C. for 1 hour to allow the

saponification to proceed. Thereafter, 500 g of methyl acetate
was added to neutralize remaining alkali. After confirming
the completion of the neutralization using a phenolphthalein
indicator, the mixture was filtered to obtain a white solid.

15 Methanol in an amount of 2,000 g was added to the white

solid, and the mixture was left to stand at room temperature
for 3 hours to permit washing. After this washing operation
was repeated three times, a white solid obtained by deliquor-
ing through centrifugation was left to stand ina dryer at 65° C.
for 2 days to obtain unmodified PVA (PVA20).

TABLE 1
Saponification
Amount? Conversion conditions
vinyl unsaturated monomer rate by PVAc NaOH
acetate methanol type® amount polymerization concentration  molar
PVA (& & R’ R* (® (%) (%) ratio®

Production ~ PVAl 750 250  CjgHz; CH, 4.8 40 25 0.03
Example 1
Production =~ PVA2 850 150  CgH3; CH; 49 30 25 0.03
Example 2
Production ~ PVA3 900 100 CygH;; CHj 49 30 20 0.03
Example 3
Production ~ PVA4 400 600  CjgHz; CH; 3.4 50 30 0.03
Example 4
Production ~ PVAS 100 900  CjgHz; CH, 1.1 50 40 0.03
Example 5
Production ~ PVA6 750 250  CjgHz; CH, 4.8 40 25 0.0075
Example 6
Production ~ PVA7 750 250  CjgHz; CH, 4.8 40 25 0.007
Example 7
Production ~ PVA8 550 450  CgH;; CH; 3.6 40 25 0.005
Example 8
Production ~ PVA9 400 600  CjgHz; CH; 3.4 50 30 0.002
Example 9
Production ~ PVAI0 750 250  CjgHz; CH, 1.2 40 25 0.0078
Example 10
Production ~ PVAIl 750 250  C,H,s CH, 12.0 40 25 0.007
Example 11
Production ~ PVAI2 750 250  CgH;; CH, 19.3 40 25 0.0068
Example 12
Production ~ PVAI3 750 250  CgH,; CH, 421 40 25 0.006
Example 13
Production  PVA14 750 250  CsH;; CH, 2.4 40 25 0.03
Example 14
Production ~ PVAILS 750 250  C,H,; CH, 3.6 40 25 0.03
Example 15
Production ~ PVAI6 750 250  CyeHsz CH, 7.1 40 25 0.03
Example 16
Production ~ PVA17 750 250  CyoHg, CH, 8.2 40 25 0.03
Example 17
Production ~ PVAIS 750 250 CgH;; H 4.8 40 25 0.0075
Example 18
Production ~ PVA19 750 250 octadecyl 57.3 40 25 0.0075
Example 19 vinyl ether
Production ~ PVA20 900 100 — 35 20 0.03
Example 20

DIn Production Example 19, 1.0 g of 2,2"-azobisisobutyronitrile(AIBN) was used as a polymerization initiator. In other Production Examples,

0.25 g of AIBN was used.

2Molar ratio of sodium hydroxide (NaOH) to the vinyl acetate unit in alkyl-modified PVAc.
3)Showing groups represented by R? and R* in the unsaturated monomer represented by the general formula (V) used in the polymerization.
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Example 1

To a mixture of 9 g of a triblock copolymer of polyethylene
glycol-polypropylene glycol-polyethylene glycol (a com-
pound shown in Table 2 as surfactant A represented by the
formula (1)) as the surfactant, and 81 g of distilled water, with
a mass ratio (mass of the surfactant/mass of water) being
10/90, 10 g of PVA1 was added at room temperature, and the
mixture was stirred using an agitator for 30 min. Next, the
temperature of this solution was elevated to 90° C. with
stirring, and the solution was further stirred as is for 1 hour,
followed by cooling to room temperature to obtain a PVA
solution containing PVA1 at a concentration of 10% by mass.
The PVA solution thus obtained was evaluated on solubility
and solution properties (viscosity at 20° C., viscosity at 60° C.
and handleability at 60° C., and viscosity ratio of viscosity at
20° C. to viscosity at 60° C.) according to the following
methods. The results are shown in Table 3.

Evaluation of Solubility

The state of the PVA solution was visually observed, and
the evaluation was made in accordance with the following
criteria. Note that when the evaluation was made as any of A
to C, it is concluded that the practical applicability is superior.

A: atransparent solution;

B: a somewhat turbid solution;

C: a white turbid solution; and

D: a solution including undissolved matter;

Evaluation of Solution

Viscosity at 20° C., Viscosity at 60° C. and Handleability at
60° C.

Using a BH type viscometer, viscosity (mPa-s) of the PVA
solution was measured under conditions involving a rotation
frequency of 2 rpm, at 20° C. and 60° C. Furthermore, handle-
ability at 60° C. was determined in accordance with the fol-
lowing criteria. Note that when the evaluation was made as
any of A or B, it is concluded that the practical applicability is
found.

A: viscosity at 60° C. being no less than 1 mPa-s and less
than 10,000 mPa-s;
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B: viscosity at 60° C. being no less than 10,000 mPa-s and
less than 15,000 mPas;

C: viscosity at 60° C. being no less than 15,000 mPa-s and
less than 20,000 mPas;

D: viscosity at 60° C. being no less than 20,000 mPa-s

E: undissolved matter being included

Viscosity Ratio of Viscosity at 20° C. to Viscosity at 60° C.

Gelation ability at low temperatures was determined from
a value derived by dividing the viscosity at 20° C. by the
viscosity at 60° C. of the PVA solution, in accordance with the
following criteria. Note that when the evaluation was made as
any of A to C, it is concluded that the gelation ability at low
temperatures is superior.

A: gelling at 20° C. (viscosity being no less than 1,000,000
mPa-s)

B: 100=viscosity at Viscosity at 20° C./viscosity at 60° C.

C: 25=viscosity at 20° C./viscosity at 60° C.<100

D: 10=Viscosity at 20° C./viscosity at 60° C.<25

E: viscosity at 20° C./viscosity at 60° C.<10

F: undissolved matter being included at 60° C.

Examples 2 to 23, and Comparative
Examples 1 to 11

PVA solutions containing each PVA at a concentration of
10% by mass were prepared by a similar operation to
Example 1 except that types of PVA and the surfactant used,
and the mass ratio of the surfactant to water were changed as
shown in Table 3. The resultant each PVA solution was evalu-
ated on solubility and solution properties according to a
method similar to that of Example 1. The types of the surfac-
tant used are shown in Table 2, and the results are shown in
Table 3. Note that surfactants A to E shown in Table 2 are
those represented by the formula (I). In addition, the denota-
tion “~” in Table 3 indicates that evaluation failed due to the
presence of undissolved matter with respect to the viscosity of
a 4% aqueous solution, and the viscosity at 20° C. and the
viscosity at 60° C., whereas with respect to the percentage
modification, the type of the surfactant, and the surfactant/
water (mass ratio), the denotation “~"" in Table 3 indicates that
corresponding component was not added.

TABLE 2
formula (I) formula (I1)? formula (I11)>

Surfactant R! R? X! X2 m nl n2

A CH,CH(CH;)  singlebond H—OCH,CHyj~ —tCH,CHO09—H 18 6 6

B CH,CH(CHj;) single bond H —(—CHZCHZOﬁFH 2 12 —

C CH,CH,CH,CH, single bond H—OCHCHy ¥~ —tCHCHO9-H 12 6 6

D CH,CH(CHj;) single bond H SO;Na 20 — —

E CH,CH(CH;)  single bond CgH, .V —tCH,CH,09H 20 12 —

F isopropy!l alcohol

G propylene carbonate

H PEG-300

I sodium dodecyl sulfate

Dlinear alkyl group
2

indicating nl when X? in the formula (I) is a group represented by the general formula (II)

3)indicating n2 when X! in the formula (I) is a group represented by the general formula (III)
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TABLE 3
Polymerization results Surfactant/ Solution evaluation
degree of percentage degree of Surf- water viscosity  viscosity  handle-
polymerization modification saponification actant  (mass Solubility at 20°C.D at60°C.D  ability viscosity
PVA — (mol %) (mol %) type ratio) evaluation (mPa-s) (mPa-s) at60°C. ratio

Example 1 PVAL 1,700 0.4 98.5 A 10/90 A gel 4,500 A A
Example 2 PVA2 2,400 0.4 98.5 A 10/90 A gel 7,500 A A
Example 3 PVA3 3,000 0.4 98.5 A 10/90 A gel 14,000 B A
Example 4 PVA4 500 0.4 98.5 A 10/90 A 60,000 100 A B
Example 5 PVAS 100 0.4 98.5 A 10/90 A 10,000 10 A B
Example 6 PVAG6 1,700 0.4 88 A 10/90 A gel 3,300 A A
Example 7 PVAT 1,700 0.4 80 A 10/90 A gel 2,500 A A
Example 8 PVAR 1,000 0.4 60 A 10/90 A gel 1,000 A A
Example 9 PVAIO 1,700 0.08 88 A 10/90 A 200,000 400 A B
Example 10 PVAIl 1,700 1.2 88 A 10/90 B gel 8,000 A A
Example 11 PVAIL2 1,700 2.5 88 A 10/90 B gel 5,000 A A
Example 12 PVA1l4 1,700 0.4 98.5 A 10/90 B 10,000 400 A C
Example 13 PVALS 1,700 0.4 98.5 A 10/90 A 100,000 1,000 A B
Example 14 PVAL6 1,700 0.4 98.5 A 10/90 A gel 12,000 B A
Example 15 PVAILS8 1,700 0.4 88 A 10/90 A gel 3,000 A A
Example 16 PVA19 1,700 0.8 88 A 10/90 C gel 4,000 A A
Example 17 PVAL 1,700 0.4 98.5 B 10/90 B gel 7,000 A A
Example 18 PVAL 1,700 0.4 98.5 C 10/90 B 200,000 4,000 A C
Example 19 PVAL 1,700 0.4 98.5 D 10/90 A 200,000 4,000 A C
Example 20 PVALl 1,700 0.4 98.5 E 10/90 C gel 14,000 B A
Example 21 PVAL 1,700 0.4 98.5 A 5/95 A gel 14,000 B A
Example 22 PVAL 1,700 0.4 98.5 A 20/80 A gel 4,000 A A
Example 23 PVAL 1,700 0.4 98.5 A 30/70 A 250,000 3,000 A C
Comparative PVA9 500 0.4 10 A 10/90 D — — E F
Example 1
Comparative PVA13 1,700 5.5 88 A 10/90 D — — E F
Example 2
Comparative PVA17 1,700 0.4 98.5 A 10/90 B gel 22,000 D A
Example 3
Comparative PVA20 3,000 — 98.5 A 10/90 C 25,000 11,000 B E
Example 4
Comparative PVAL 1,700 0.4 98.5 F 10/90 C 41,000 4,000 A D
Example 5
Comparative PVAL 1,700 0.4 98.5 G 10/90 B 43,000 12,000 B E
Example 6
Comparative PVAL 1,700 0.4 98.5 H 10/90 B gel 70,000 D A
Example 7
Comparative PVA19 1,700 0.8 88 H 10/90 C gel 65,000 A
Example 8
Comparative PVAL 1,700 0.4 98.5 I 10/90 A 5,000 3,500 A E
Example 9
Comparative PVAL 1,700 0.4 98.5 — — D — — E F
Example 10
Comparative PVA20 3,000 — 98.5 — — A 8,000 800 A D
Example 11
Ddetection limit of the viscosity being 2,000,000 mPa - s

As shown in Table 3, the solutions of Examples 1 to 23 20 was somewhat inferior. The inferior state of the solutions
were, in spite of being solutions of PVA having an alkyl group is believed to result from different structures of the monomer
having low water solubility, proven to be able to produce PVA having an alkyl group having 5 to 29 carbon atoms, and
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solutions having a high PVA concentration of as high as 10%,
superior in handleability at 60° C., accompanied by an abrupt
increase in viscosity at 20° C., and be superior in a gelation
ability at low temperatures. In addition, the solutions of
Examples 1, 2, 6 to 8, 15 and 22 prepared to give specified
degree of polymerization of PVA, structure of the monomer
unit, type of the surfactant, and mass ratio of the surfactant to
water were particularly superior in handleability at 60° C.,
and the gelation ability at low temperatures, and the solutions
also exhibited superior results of the evaluation of the solu-
bility were obtained. It is to be noted that in, for example,
Example 12 in which PVA14 was used, the gelation ability at
low temperatures was deteriorated, and this deterioration is
believed to result from a shorter alkyl group of the alkyl-
modified PVA having carbon atoms of as small as 5. Further,
it was seen that the state of the solutions of Examples 16 and
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inferior compatibility between the surfactant and PVA. More-
over, in Examples 18, 19 and 23, the gelation ability at low
temperatures was deteriorated. This deterioration is consid-
ered to result from different structures of the surfactant, and a
great amount of the surfactant added leading to impaired
hydrophobic interactions of the alkyl-modified PVA even at
20° C.

On the other hand, in the cases in which: PVA did not
satistfy defined requirements, i.e., number of carbon atoms of
the alkyl group, the percentage modification and the degree of
saponification (Comparative Examples 1 to 4 and 11); the
structure of the surfactant did not satisty defined require-
ments (Comparative Examples 5 to 9); and any surfactant was
not used (Comparative Examples 10 and 11), it was found
that: a high concentration solution was not obtained; the
solubility was deteriorated; the gelation ability at low tem-
peratures was deteriorated; and the like.
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INDUSTRIAL APPLICABILITY

The alkyl-modified PVA solution of the present invention
has, even in a case in which the solution contains the alkyl-
modified PVA at a high concentration, properties of having a
low viscosity at high temperatures leading to superior handle-
ability, accompanied by rapidly increased viscosity to result
in gelation upon lowering of the temperature. Therefore, the
alkyl-modified PVA solution can be suitably used as a solu-
tion gelled at low temperatures that is superior in safety and
that can be an alternative to PVA-boric acid crosslinking
solutions for use in temperature-sensitive binders, gelation
agents, temperature-sensitive adhesives, thickening agents
and the like.

The invention claimed is:
1. An alkyl-modified vinyl alcohol polymer solution com-
prising:
an alkyl-modified vinyl alcohol polymer;
a surfactant; and
water,
wherein:
the alkyl-modified vinyl alcohol polymer has a monomer
unit that comprises an alkyl group having 5 to 29 carbon
atoms;
a percentage content of the monomer unit is no less than
0.05 mol % and no greater than 5 mol %;
adegree of saponification of the alkyl-modified vinyl alco-
hol polymer is no less than 20 mol % and no greater than
99.99 mol %; and
the surfactant is a compound represented by the following
formula (I):

X' —O(R'—0O3, R>—X? 10}

wherein, in the formula (),

R! represents an alkylene group having 3 to 5 carbon

atoms;

R? represents a single bond or an alkylene group having 1

to 5 carbon atoms;

X! represents a hydrogen atom or an organic group;

X? represents a hydrophilic group; and

m is an integer of 1 to 100,

wherein provided that m is at least 2, R's present in a

plurality of number are each independently as defined
above, and

wherein the alkyl-modified vinyl alcohol polymer solution

has a gelled state at 20° C. and has a viscosity at 60° C.
of less than 15,000 mPa-s, or has a viscosity ratio of a
viscosity at 20° C. to the viscosity at 60° C. of no less
than 25.

2. The alkyl-modified vinyl alcohol polymer solution
according to claim 1, wherein X? represents a carboxyl group
or a salt thereof, a sulfonic acid group or a salt thereof, or a
group represented by the following formula (II):

+CH,CH,0-, H an

wherein, in the formula (1), nl is an integer of 1 to 200.

3. The alkyl-modified vinyl alcohol polymer solution
according to claim 1, wherein the organic group represented
by X' is an alkyl group having 1 to 29 carbon atoms or a
hydrophilic group.
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4. The alkyl-modified vinyl alcohol polymer solution
according to claim 3, wherein the hydrophilic group repre-
sented by X' is a group represented by the following formula
ny:

H-OCH,CH, ) (I

wherein, in the formula (III), n2 is an integer of 1 to 200.

5. The alkyl-modified vinyl alcohol polymer solution
according to claim 1, wherein the monomer unit is repre-
sented by the following formula (IV):

av)

R4
_CHZ_T_
C R?
O/ \N/
H

wherein, in the formula (IV),

R? represents an alkyl group having 5 to 29 carbon atoms;

and

R* represents a hydrogen atom or an alkyl group having 1

to 8 carbon atoms.

6. The alkyl-modified vinyl alcohol polymer solution
according to claim 5, wherein the alkyl-modified vinyl alco-
hol polymer is obtained by saponifying a copolymer of an
unsaturated monomer represented by the following formula
(V) with a vinyl ester monomer:

V)

wherein, in the formula (V), R*> and R* are as defined in
connection with the above formula (IV).

7. The alkyl-modified vinyl alcohol polymer solution
according to claim 1, wherein a viscosity average degree of
polymerization of the alkyl-modified vinyl alcohol polymer
is no less than 200 and no greater than 5,000.

8. The alkyl-modified vinyl alcohol polymer solution
according to claim 1, wherein a mass ratio of the surfactant to
the water (mass of the surfactant/mass of the water) is no less
than 1/99 and no greater than 40/60.

9. The alkyl-modified vinyl alcohol polymer solution
according to claim 1, wherein a concentration of the alkyl-
modified vinyl alcohol polymer is no less than 0.5% by mass
and no greater than 50% by mass.

10. The alkyl-modified vinyl alcohol polymer solution
according to claim 1, wherein R? represents a single bond.

11. The alkyl-modified vinyl alcohol polymer solution
according to claim 10, wherein X' represents a hydrogen
atom.

12. The alkyl-modified vinyl alcohol polymer solution
according to claim 1, wherein the surfactant is a diblock
copolymer.



